A study was conducted in order to investigate quality traits and sensory properties of frozen broiler breast meat pretreated with increasing concentration (from 0 to 2%) of sodium chloride (salt). Meat samples were obtained in a single major commercial processing plant from a homogenous flock of chicken broilers (Cobb strain, 44 days-old, mixed sex, average live weight of 2.55 kg). Whole breasts were collected at random immediately after chilling and fillets (P. major muscles) were deboned by hand. A total of 12 groups of fillets were subsequently salted by hand with 0.0, 0.2, 0.4, 0.5, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0% of sodium chloride, packaged in bags, quickly frozen in the processing plant and stored at −24℃ for 3 months. Prior to analysis, fillets were thawed at 2-4℃ for 72 h and 12 fillets per group were used to determine chemical-physical characteristics (pH, colour, and sodium chloride content), functional properties (drip loss, cooking loss on raw and minced meat, AK-shear force, TBARS analysis) and sensory traits (level of tenderness, level of juiciness and overall liking).
Introduction
In the past decades, worldwide poultry meat production and consumption have increased rapidly and, in many parts of the world, per capita consumption of poultry meat will continue to grow. Within this context, market share of processed poultry meat products has been a dramatic increase during the last decades . With the current state of the market, freezing has come to play a tremendous role to both store and trade of raw materials (i.e. deboned, chunked, ground or mechanically separated meats) and marketing and as preservation system for the more expensive value-added products (i.e. entrées, ready-to-eat foods, etc.). Indeed frozen storage constitutes the most effective means of maintaining high-quality and safe poultry products during storage for producers, distributors, catering and final consumers (Fletcher, 2004; Kotrola and Mohyla, 2011) . Before freezing, for commercial or quality reasons, poultry meat can be added with sodium chloride (salt). Salt is the most important ingredient in the production of meat and poultry products by providing three major functions: i) assist in protein solubilising with beneficial effect on water binding ability and texture; ii) alter microbial growth; iii) enhance and provide flavour (Barbut, 2002) . The theory about sodium chloride improving water holding capacity (WHC) of meat products has been reviewed by Offer and Knight (1988) , Ruusunen and Puolanne (2005) and Cheng and Sun (2008) . In solution, sodium chloride separates into sodium (Na+) and chloride (Cl-) ions, however the effect on meat proteins is most likely caused by the fact that Cl-ions are more strongly bound to the proteins that the Na + ions (Sebranek, 2009) . Chloride ions tend to bind to the thick (myosin) and thin (actin) filaments and increase the elec-trostatic repulsive forces between them. With increasing the repulsive forces, the protein structure matrix unfolds, the gaps between actin and myosin increase and then transverse swelling occurs (Offer and Trinick, 1983; Hamm, 1986) . Moreover the adsorption of Cl-ions with positively charged groups of myosin results in a shift of the isoelectric point towards a more acidic pH value. As a result, increased levels of water can be bound without changing the pH value of the meat itself, as the shift of the isoelectric point from 5.2 to 5.0 widens the gap between pH values present in the meat and the isoelectric point. A larger gap between the two pH values increases the capillary effect of the muscle fibres and an increased capillary effect improves water-binding potential in intact meat and entrapment of extraneous water in processed meat (Feiner, 2006) . A salt concentration of 1.0-1.6% can be considered the most widely used in poultry meat formulations. In recent decades, with the increasing consumption of many different processed foods containing high level of sodium, the perception of dietary salt has evolved to a point where it is now considered, by some, to be a potential health threat. Many processed foods contain high levels of salt and several countries have developed national programs for significantly reducing the sodium chloride content in many processed foods and encouraging a decrease in discretionary salt use (Doyle and Glass, 2010) . It is estimated that cured and processed meat contribute just over 20% of the daily sodium intake for adults in the USA, Ireland and the UK (Desmond, 2006) . Therefore, the addition of sodium chloride during meat processing should be restricted as little is possible (Ruusunen and Poulanne, 2005; Desmond, 2006) .
Influence of freezing on meat quality properties has been largely investigated over the years (James and James, 2002), however little information are available on quality of frozen meat pretreated with sodium chloride. The aim of this study was to investigate quality traits and sensory properties of frozen broiler breast meat pretreated with increasing concentration of sodium chloride (from 0 to 2%).
Materials and Methods

Experimental Procedures
Meat samples were obtained in a single major commercial processing plant from a homogenous flock of chicken broilers (Cobb strain, age 44 days, mixed sex, average weight of 2.55 kg). Whole breasts were collected at random immediately after chilling and fillets (P. major muscles) were deboned by hand. A total of 12 groups of fillets were subsequently salted by hand with 0.0, 0.2, 0.4, 0.5, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0% of sodium chloride, packaged in bags weighing 7.5 kg, quickly frozen in the processing plant and subsequently delivered under freezing conditions for subsequent analysis. After frozen storage at −24℃ for 3 months, fillets were thawed at 2-4℃ for 72 h and used the following analysis. Twelve of them for each group were kept intact and used to assess colour, pH, drip loss, cooking loss and shear force after cooking, while other 12 sample/group were individually ground and analyzed for cooking loss on a meat patty, sodium chloride content and TBARS. The remaining samples from 0.0, 0.4, 0.8, 1.2, 1.6 and 2.0% groups were used to perform sensory analysis.
Analytical Methods
Colour measurement. The CIE (1978) system colour profile of lightness (L*), redness (a*), and yellowness (b*) was measured by a reflectance colorimeter (Minolta Chroma Meter CR-400, Minolta Italia S.p.A., Milano, Italy) using illuminant source C. The colorimeter was calibrated throughout the study using a standard white ceramic tile (reference number 1353123; Y＝92.7, x＝0.3133, and y＝0.3193). Colour was measured on the cranial, medial surface (bone side) in an area free of colour defects (bruises, discolorations, haemorrhages, full blood vessels, picking damage, or any other condition which may have affected uniform color reading) on intact fillets before and after cooking (Petracci and Baeza, 2011) .
pH Measurement. The pH was determined using a modification of the iodoacetate method initially described by Jeacocke (1977) . Approximately 2.5 g of breast meat was removed from the cranial end of each fillet, minced by hand, homogenized in 25 mL of a 5 mM iodoacetate solution with 150 mM potassium chloride for 30 s, and the pH of the homogenate was determined using a pH meter calibrated at pH 4.0 and 7.0 equipped with 924001 electrode (Bibby Scientific Ltd, T/As Jenway, Essex, UK)
Drip loss determination. Each fillet was individually weighed and suspended in a plastic box at 2-4℃. After 48 hours, fillets were blotted for the excess surface fluids, reweighed, and drip loss determined as percentage of weight lost by the sample during refrigerated storage period (Petracci and Baeza, 2011) .
Cooking loss determination. Raw Meat. Each fillet was individually weighed and cooked in a convection oven on aluminum trays at 180℃ until 80℃ at core sample. The fillets were then allowed to equilibrate to room temperature, re-weighed, and cooking loss determined as percentage of weight lost by the sample. Ground meat patties. Cooking loss on meat patties, was determined by exactly individually weighing and cooking the patties (70 g; 8.5 cm diameter and 1.5 cm thickness) on a convention oven at 180℃ until 80℃ at core sample. The samples were then allowed to equilibrate to room temperature, reweighed, and cooking loss determined as percentage of weight lost by the sample.
Shear value determination. Shear values were determined using an TA.HDi Heavy Duty texture analyzer (Stable Micro Systems Ltd., Godalming, Surrey, UK) equipped with an Allo-Kramer shear cell using the procedure described by Sams et al. (1990) . Two meat samples (approximately 2×4 ×1 cm) from the cranial portion of each intact fillet after cooking were cut parallel with the muscle fiber direction, weighed, and sheared with the blades at a right angle to the fibers using a 250 kg load cell and cross head speed of 500 mm/min. Shear values are reported as kilograms shear per gram of sample.
TBARS analysis. The susceptibility of muscle tissue homogenates to iron-induced lipid oxidation was determined according to the method of Kornbrust and Mavis (1980). Petracci et al.: Broiler Breast Meat Treated with Salt Tubes containing 100 μl of homogenates were incubated at 37℃ and removed at fixed time intervals (0, 30, 60, 90, and 150 min) for measurement of 2-thiobarbituric acid-reactive substances (TBARS). Protein content of the meat was determined according to the Lowry procedure (Lowry et al., 1951) and TBARS expressed as nmoles malonaldehyde (MDA)/mg protein.
Sodium chloride content. Each fillet was finely ground and an aliquot of 10 g was used to determine sodium chloride content in duplicate volumetric method (AOAC, 1995) . Sodium chloride content is reported as percentage.
Consumer sensory test. Six products (0.0, 0.4, 0.8, 1.2, 1.6, 2.0% of sodium chloride) were chosen and consumer test was conducted in a certified sensory laboratory (ISO, 1989) using 44 untrained panelists. Demographic characteristics for the consumer panelists were as follows: 48% males, 52% females; 84% 20 to 30 yr old, 11% 30 to 40 yr old, and 5% ＞40 yr old. Each panelist was offered 6 warm samples (1 for each group) according to a randomized block design and asked to score each sample for tenderness, ranking from 1 (extremely tough) to 8 (extremely tender), for juiciness, ranking from 1 (extremely dry) to 8 (extremely juicy) and overall liking from 1 (dislike very much) to 5 (like very much) (Tab. 1).
Statistical Analysis
Data were analyzed using the ANOVA option of the general linear models (GLM) procedure of SAS ® software (SAS Institute, 1988) testing the salt group as main effect. Means were separated using Duncan multiple range test option of the GLM procedure (SAS Institute, 1988) .
Results and Discussion
The sodium chloride content, pH values, drip loss, cooking loss of intact and ground meat and AK-shear force from the twelve groups are presented in Table 2 . As expected, the addition of sodium chloride (from 0 to 2%) determined a significant (P＜0.01) increasing of sodium chloride content of the meat. The variability within each group was very low, this means that procedures for adding salt were effective.
Overall the addition of sodium chloride determined a significant (P＜0.01) increasing of breast meat pH (from 5. 73 to 6.03). A significant effect of salt addition on pH was detected already at 0.2%. It is well established that the use of sodium chloride does not exert relevant effect on meat pH (Shults and Wierbicki, 1973; Sheard and Tali, 2004; Petracci et al., 2012) so this result should be related to the different liquid losses observed during thawing (data not shown). In fact, thaw losses were very high in control group (11.9%), while increased percentages of salt determined an enormous reduction of these losses. Indeed, Leygonie et al. (2012) suggested that freezing with subsequent exudate production could cause denaturation of buffering compounds (e.g. proteins, anserine, carnosine), the release of hydrogen ions and a subsequent decrease in pH. The same authors also hypothesized that the loss of fluid from the meat tissue following thawing may cause an increase in the concentration of the solutes, which results in a decrease in the pH (Leygonie et al., 2012) .
The measurement of drip loss showed a significant (P＜ 0.01) effect of salt addition. A significant (P＜0.05) effect of salt addition on drip loss was detected starting from 0.4%. In particular, drip loss range was 0.86-0.97% in samples with salt addition from 0.4 to 1.0%, while lower (P＜0.05) drip losses (0.59-0.63%) values were observed when salt addition was higher than 1.0%.
The determination of weight loss of intact fillets during cooking evidenced that addition of salt concentration higher than 0.2% determined a significant reduction of weight loss during cooking. This decreasing trend was quite linear going from 0.4 to 2.0% group. The cooking losses measured on ground breast meat (patties) evidenced a similar trend, however the extent of losses reduction in consequences of salt addition was higher: the reduction from cooking loss observed in control group and 2.0% group was about of 14%. These results confirm that gradually increasing salt level up to 2% increase the ability of meat to retain its own liquids during storage and cooking (Shults and Wierbicki, 1973; Swatland and Barbut, 1999) . As mentioned before, the addition of salt to the meat has the effect to solubilize myofibrillar proteins (actin and myosin) and adding more negative chloride ions to the system (Offer and Trinick, 1983; Hamm, 1986) . Both effects determined an increased water holding capacity of the meat. Moreover, during cooking, the extracted proteins coagulate and provide binding of meat particles, bind moisture (minimize cooking losses) and form a coherent matrix to hold the melting meat fat (Barbut, ). However, this positive effect on WHC is also due to the increasing in meat pH observed in groups going from 0.0 to 2.0%. This shift of pH towards higher values determined a greater negative net charge in meat proteins by increasing the WHC of the meat (Feiner, 2006) . So the increase of WHC observed in this study can be explained by the concomitant effect of salt addition and pH increase (Petracci et al., 2004) .
The instrumental determination of tenderness (AK-shear force) of cooked meat showed a significant (P＜0.05) higher value of shear force in control group if compared with salt treated groups which did not differ from each others. Lee et al. (2008) found that long-term storage of unsalted broiler breast meat decreases meat tenderness. Present findings demonstrated that just a slight addition of salt is able to determine an improvement of meat tenderness confirming the previous finding of Swatland and Barbut (1999) by preventing meat toughening caused by long-term freezing.
The colour of raw and cooked broiler breast meat is reported in Table 3 . The measurements of colour on raw meat evidenced a significant effect (P＜0.01) on lightness (L*) and yellowness (b*) coordinates, while redness (a*) was not influenced by the experimental effect. The addition of sodium chloride (0 to 2%) determined a significant (P＜0.01) decreasing of lightness (L*; 55.7 to 45.9) and yellowness (b*; 10.7 to 6.4) values. This means that salt addition determined a darker and less yellow colour of the breast. A significant effect of salt addition on lightness and yellowness Petracci et al.: Broiler Breast Meat Means with different letters on the same column within the same effect differ significantly (P＜0.05).
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＜0 . 001 0 . 146 Probability was detected starting from 0.2%. There appears a similar trend in cooked meat colour, but the effects of salt addition on it are not necessarily dramatic (may be of relatively little practical or industry importance). Overall, these results confirm that gradually increasing salt level up to 2% decrease the lightness of meat (Swatland and Barbut, 1999) . When salt is added to the meat, it reduces water availability on the meat surface, thus reducing light reflection and lightness values. However this effect on meat colour can be also related to the trend observed in meat pH. In fact it is well established that darker meat is associated with higher pH values .
The addition of salt to the meat did not influence the susceptibility to lipid oxidation (Table 4) . This means that inclusion of salt up to 2% did not exert a negative effect on lipid peroxidation which can determine the development of rancid odours and flavours.
Finally, sensory test evidenced higher scores of tenderness and juiciness in meat samples treated with 1.6 and 2.0% sodium chloride levels as well as overall liking increased as the salt increased from 0 to 2% (Table 5 ). The result concerning tenderness agrees with the instrumental evaluation previously described (AK-shear force). Moreover panellists were able to detect the positive effect of salt addition on meat palability starting from 0.8%, with the highest overall likely scores attributed to 1.6 and 2.0% groups. These results confirm the enhancing effect of salt addition on meat flavour and palatability (Barbut, 2002; Alvarado and McKee, 2007) and how it is difficult to reduce salt levels of poultry processed foods without impairing acceptance by consumers (Weiss et al., 2010) .
Conclusions
The results obtained in this study showed that pretreatment with sodium chloride determined a significant modifications of overall quality traits of the frozen broiler breast meat with special regards to pH, colour, water holding capacity and tenderness at even lower concentration of 0.2-0.4%. Increased levels of salt determined a higher pH, darker colour, superior water holding capacity (measured by thaw, drip and cooking losses), and higher tenderness (lower AK-shear values). The maximum improvement of WHC was observed by salt level higher than 1.2%. Sensory test evidenced higher scores of overall preference of meat starting from 0.8% salt concentration; moreover it was observed higher scores of tenderness, juiciness and overall preference in meat samples having with the higher salt content (1.6 and 2.0% groups) confirming the well-known positive effect of salt on meat flavour and palatability.
